The unique amino-terminal peptide of cardiac troponin I regulates myofibrillar activity only when it is phosphorylated.
Protein kinase A (PKA) dependent phosphorylation of C-protein and cardiac troponin I (cTnI) is known to be associated with a reduced sensitivity to Ca2+. We have investigated the relative importance of each of these sites of phosphorylation in this effect by use of extraction/reconstitution experiments and mutagenesis of recombinant cTnI. Conditions developed for extraction of troponin (Tn) complex also resulted in extraction of C-protein. A truncated cTnI (cTnI/NH2) lacking the 32 amino acids in the unique amino terminal extension of cTnI was engineered and expressed. In contrast to native cTnI, cTnI/NH2, which lacks Ser23 and Ser24, was not phosphorylated by PKA either in pure form or after incorporation into the myofilament lattice. The relation between pCa (-log molar free Ca2+ concentration) and MgATPase activity of non-phosphorylated native myofibrils or non-phosphorylated myofibrils reconstituted with cTnI, but lacking C-protein, was the same and could not be distinguished from that of control or PKA-treated myofibrils into which we exchanged cTnI with cTnI/NH2. However, PKA-dependent phosphorylation of either native myofibrils or reconstituted myofibrils containing cTnI but lacking C-protein resulted in an identical and significant rightward shift of pCa50 (half-maximally activating pCa) in the pCa-activity relationship. Our results strongly indicate that phosphorylation of cTnI at Ser residues in the unique amino terminal extension of the molecule is both necessary and sufficient for the decrease in myofilament Ca(2+)-sensitivity associated with PKA-dependent phosphorylation.